Diet is one of the most important environmental factors influencing growth, body weight, survival, and age-related diseases of rodents in chronic studies. NIH-07 open formula diet was the selected diet for the NTP studies from 1980 to 1994. A new diet designated as NTP-2000 diet is the current diet for mice in the NTP studies beginning in 1994. This report is a summary of results of untreated control groups of B6C3F1 mice fed NTP-2000 or NIH-07 diet from several retrospective 2-year dosed-feed and inhalation studies for differences in growth, body weight, survival, and tumor incidences. The dosed-feed studies were conducted in 3 different facilities located in the United States, and all the inhalation studies were conducted in 1 facility. During dosed-feed studies, male and female mice housed in polycarbonate cages and fed the NTP-2000 diet had lower maximum body weights than those fed NIH-07 diet. However, during inhalation studies, mice housed in wire mesh cages and fed the NTP-2000 diet had higher maximum body weights than the mice fed NIH-07 diet. Survival was higher in groups fed NTP-2000 diet irrespective of sex, housing conditions, or body weight compared to the corresponding groups fed NIH-07 diet. Survival was higher in mice housed in polycarbonate cages irrespective of diet and sex compared to the respective sex and diet groups housed in wire mesh cages. During inhalation studies, survival of male and female mice fed NTP-2000 diet was higher than that of the groups fed NIH-07 diet, although the body weights of NTP-2000 diet groups were higher than those of the groups fed NIH-07 diet. When the NTP-2000 diet was used, male and female mice in dosed-feed studies and male mice in inhalation studies had markedly lower incidences of liver tumors than the corresponding groups fed NIH-07 diet. Significant decreases in the incidences of lung tumors were observed only in the male groups fed NTP-2000 diet during dosed-feed studies. These results suggest that body weight may not be the major contributing factor for mortality and liver tumors and that an interaction between diet and housing conditions appears to affect the growth, survival and tumor incidences of B6C3F1 mice.
INTRODUCTION
Male and female B6C3F1 mice did not show substantial changes in growth patterns during the 2-year, dosed-feed (dietary) studies sponsored by the National Cancer Institute and the National Toxicology Program (NTP) from 1973 to 1981 (26) . However, during the NTP 2-year studies performed from 1982 to 1992 there were substantial increases in body weights and tumor incidences, especially liver tumors (7, 9, 12) . Diet is one of the most important environmental factors influencing the growth, survival, and age-related diseases of experimental animals. From 1980 to 1994 the NIH-07 open formula nonpurified diet (27) was the selected diet for NTP studies designed to assess the toxic and carcinogenic potential of chemicals and other agents in rodents. This diet was formulated more than 25 years ago to promote reproduction and growth (14) . Some components of this diet may contribute to faster growth and age-associated diseases of rodents. After evaluation of several diets containing different concentrations of protein, fat, fiber, minerals, and vitamins (24, 25) , a new diet designated as NTP-2000 open formula nonpurified diet (22, 23) was formulated for rodents. The NTP-2000 diet was selected as the diet for mice of the NTP studies beginning in 1994.
The purpose of this report is to review and summarize the differences in growth, body weight, survival, and tumor incidences of B6C3F1 mice fed NTP-2000 diet or NIH-07 diet ad libitum. The report includes a summary of results from untreated control mice of several 2-year, dosed-feed and inhalation studies previously performed for the NTP.
MATERIALS AND METHODS
Animals and Animal Care: The B6C3F1 mice produced by defined microflora-associated (Charles River altered Shaedler microflora) breeders in a pathogen-free NTP production colony at Taconic Farms (Germantown, New York) were received at the facilities conducting studies for the NTP when they were 4 weeks old. After quarantine and acclimation for 2 weeks, they were determined to be pathogen-free, weighed, stratified by weight, and randomly distributed to groups. In dosed-feed studies, female mice were housed 5 per cage and male mice were individually housed in hangingdrawer-type polycarbonate cages with solid bottom and sides (See-Through System III, Lab Products, Inc, Maywood, NJ). The cages were suspended from perforated stainless steel shelves covered with a filter fabric. Heat-treated hardwood bedding used as the contact bedding was changed at 3-to 4-day intervals for group-housed mice and weekly for individually housed mice. In inhalation studies, male and female mice were housed individually in stainless steel wire mesh cage batteries (Lab Products, Aberdeen, MD) suspended in 2-m 3 stainless steel chambers (Lab Products, Aberdeen, MD). Suspended wire mesh cages for inhalation studies are essential to assure uniform distribution of the test chemical 243 0192-6233/03$3.00+$0.00 throughout the inhalation chamber and uniform exposure of all animals in the chamber to the selected dose. The above inhalation exposure system was described by Cheng and Moss (2) . Municipal drinking water was provided ad libitum by automated watering systems (Edstrom Industries, Milwaukee, Wisconsin). Animal use and care was in accordance with the United States Public Health Service policy on humane care and use of laboratory animals and the Guide for the Care and Use of Laboratory Animals (16, 17) . The studies were conducted in facilities accredited by the Association for Assurance and Accreditation of Laboratory Animal Care International, (Rockville, MD); the protocols were approved by the Institutional Animal Care and Use Committees of the facilities conducting the studies. (22, 23) used for the NTP studies since 1994 were the diets for the studies evaluated for this report. Ingredient composition and selected nutrient and other routinely analyzed component concentrations of the 2 diets are listed in Table 1 . The NTP-2000 diet contains less protein, more fat and more fiber than the NIH-07 diet. The fiber content of the NTP-2000 diet was increased to compensate for the higher caloric value due to more fat and to have approximately the same physiologic fuel value as the NIH-07 diet. The vitamin E content of NTP-2000 diet was higher than in the NIH-07 diet because of the higher fat content of the NTP-2000 diet (15) . Each diet, in powder (mash) form for dosed-feed studies or pelleted form for inhalation studies (manufactured by Zeigler Bros, Inc, Gardners, PA), was fed ad libitum. In 2-year, dosed-feed studies, food consumption by cage was measured for 1 week at 4-week intervals. Average food consumption (g/mouse/day) for 2 years was computed for each dosed-feed study. The differences between the mean food consumption for the 2 diets were tested by a 2-tailed t-test (35) . In inhalation studies each wire mesh cage battery housed 32 mice and was equipped with a common wire mesh feed trough for all mice in each cage battery. Due to considerable spillage/waste of pellets of food from a common wire-mesh feed trough, it was not possible to obtain useful food consumption data during inhalation studies; therefore, food consumption data were not collected during the NTP inhalation studies.
Diets
Two-Year Studies: These are the studies previously performed for the NTP. Each 2-year study had 1 or more untreated or vehicle control groups and 3 or more treatment groups (∼50 mice/gender/group). However, only the data from untreated or vehicle control groups are included in this report. The chemicals to be evaluated were administered by incorporation into the diet for dosed-feed studies and by vapor, aerosol, or particles in the breathing air of the inhalation studies. Start dates, route of administration, and diet used for studies are listed in Table 2 . These are the only dosed-feed and inhalation studies of the NTP-2000 diet with complete pathology at this time. Every attempt was made to match the NIH-07 diet studies with the number and time interval of the NTP-2000 diet studies and all the NTP dosed feed and inhalation studies with NIH-07 diet conducted during the selected time period (Table 2 ) are included in this report. The dosed feed studies were conducted in 3 different toxicology-testing facilities located in the United States and all the inhalation studies were conducted in 1 facility located in the United States. All the testing facilities followed standardized NTP experimental procedures (18). Route and vehicle for administration of test chemical, special housing, and husbandry procedures associated with each route of administration may influence growth, survival and tumor incidences (8) (9) (10) (11) (12) . Studies with NTP-2000 diet started during the period 1994 to 1998 by dosed water, gavage, or skin-painting method of administration were too few in number by each route to provide reliable statistical comparison with the corresponding routes of administration using NIH-07 diet. Therefore, studies with NTP-2000 or NIH-07 diet started during the period 1989 to 1998 involving dosed-water, gavage, and skin-painting methods of chemical administration were not included in this report.
Growth and Body Weight: Mice were weighed at 4-week intervals throughout the course of each study. Growth patterns were determined by computing averages for the body weights of all the untreated and vehicle control groups and idealized growth curves were plotted. For assessing the difference in body weights between diets, group mean maximum body weights attained during the course of the studies were analyzed.
Survival: For each study the probability of survival during the course of the study and survival at approximately 108 weeks of age (or 102 weeks on study) were determined for the untreated control groups. The average survival was computed for all the untreated control groups by diet and route of administration.
Statistical Procedures
Body Weight Data: For each mouse, body weight was measured at 4-week intervals from the beginning of the study until the mouse was removed from study. Due to some differences between laboratories regarding weeks at which the animals were weighed, body weights were averaged over a 4-week period. The mean maximum body weight, defined as the mean of the highest body weights attained by the groups of untreated control mice over the course of the study, was computed along with the week in which the maximum weight was attained. Diet-related differences in mean maximum body weight and in the week maximum weight was attained were tested by a 2-tailed t-test (35) . Because the dosed-feed studies were conducted in 3 different laboratories, we used 2-tailed t-tests to make pairwise comparisons of the mean maximum body weights for different laboratories within diets and to compare each individual laboratory NTP-2000 diet studies with all the dosed-feed studies of the NIH-07 diet.
Survival Data: Kaplan-Meier estimates of the survival function (13) were used to summarize survival. For purposes of estimation, mice removed from study by sacrifice at study termination, accidentally terminated, or discovered missing over the course of a study, were treated as censored deaths. Animals removed from study because of natural death or moribund sacrifice were treated as uncensored deaths. Survival estimates and their SE across studies were obtained at approximately 102 weeks on study. Fisher's exact test was used to test for differences in probability of survival (20) . The log-rank test (13) was used to test for significant differences between diets for the complete survival curves. Computations were carried out using the LIFETEST procedure (33) .
Tumor Incidences: Tumor incidence calculations followed the standard protocol of the NTP (19) . In particular, incidences of most neoplastic lesions were calculated as proportions of animals affected at each site examined microscopically. When macroscopic examination was required to detect neoplasms in certain tissues (eg, harderian gland, intestine, mammary gland, and skin) before microscopic evaluation, or when neoplasms had multiple potential sites of occurrence (eg, lymphoma), the denominators consist of the number of animals on which necropsy was performed. Because the dosed-feed studies were conducted at 3 different laboratories, we used Fisher's exact test (20) to compare liver tumor incidences between laboratories using the same diets and to compare each individual laboratory NTP-2000 diet studies with all the dosed-feed studies of the NIH-07 diet.
Differential survival can interfere with simple comparisons of tumor rates. For these data, although there are significant differences in survival between the 2 diets, the differences are small enough to have minimal impact on the analysis of tumor rates. Consequently, we used Fisher's exact test (20) to compare the rates of occurrence. We also calculated and tested Poly-3 adjusted rates (1, 21) . We have not listed the Poly-3 test results because they agree with the results of the Fisher's exact test for all but 3 lesions for inhalation studies and all but 2 lesions for dosed-feed studies. In all cases of disagreement on significance, the differences in p-values were small (eg, 0.047 vs 0.062 or 0.019 vs 0.054).
RESULTS

Food Consumption:
Food consumption values for untreated control groups of male and female mice in the dosedfeed studies are included in Table 3 . Male mice fed NTP-2000 diet consumed slightly more food than the males fed NIH-07 diet. However, the difference was only 0.35 g, or less than 8%, and the difference was not significant ( p > 0.05). Food consumptions by female mice on either diet were essentially similar.
Growth and Body Weights
Dosed-Feed Studies: Average growth curves by diet for untreated control groups of mice from dosed-feed studies are presented in Figures 1 and 2 . The growth patterns for both diets were similar for male mice (Figure 1 ). However, female mice fed NTP-2000 diet had significantly slower growth than the females fed NIH-07 diet ( Figure 2 ).
The mean of the maximum body weight attained by the untreated control groups during the course of dosed-feed studies for both diets are listed in Table 3 . The mean maximum body weights of groups of male mice fed NTP-2000 diet were significantly ( p < 0.01) lower than those of the groups fed NIH-07 diet (Table 3 ). Even though the maximum body weight of male mice fed NTP-2000 diet was significantly ( p < 0.01) lower, it was only 5% lower than those fed NIH-07 diet and it may not be biologically significant. Male mice fed NTP-2000 diet attained maximum body weight at approximately 70 weeks on study compared to 81 weeks for those fed NIH-07 diet. The age at which the mice reached maximum body 246 RAO AND CROCKETT TOXICOLOGIC PATHOLOGY weight was significantly different ( p < 0.01) for male mice fed different diets. The growth patterns ( Figure 1) suggest that in dosed-feed studies male mice fed NTP-2000 diet grew slower after approximately 24 weeks on study (30 weeks of age) and attained maximum body weight earlier resulting in slightly lower maximum body weight than those fed NIH-07 diet.
In dosed-feed studies, the mean maximum body weights of untreated control groups of female mice fed NTP-2000 diet were significantly ( p < 0.01) lower by 15%, than those of the mice fed NIH-07 diet ( Table 3 ). Female mice fed NTP-2000 diet attained maximum body weight at approximately 78 weeks on study compared to 84 weeks for mice fed NIH-07 diet. The age for reaching maximum body weight was significantly different ( p < 0.01) for the female mice fed the different diet. The growth pattern ( Figure 2) suggest that in dosed-feed studies female mice fed NTP-2000 diet grew slower after 16 weeks on study (22 weeks of age) and attained significantly lower maximum body weight than those fed the NIH-07 diet.
There was significant interlaboratory variability in mean maximum body weights for both diets. However mean maximum body weights of the NTP-2000 diet studies at any of the 3 laboratories was significantly lower ( p < 0.01) than the mean maximum body weight of all the NIH-07 diet studies. Inhalation Studies: Average growth curves for the untreated control groups of male and female mice from the inhalation studies fed NTP-2000 or NIH-07 diet are presented in Figures 3 and 4 . The growth patterns for both diets were similar by sex and were different from the dosed-feed studies, especially for the females.
The mean maximum body weights attained by the untreated control groups during the course of inhalation studies for both diets are listed in Table 3 . The maximum body weight of male mice in inhalation studies ( Table 3 ) was higher than those of the dosed-feed studies. The maximum body weight of male mice in inhalation studies fed NTP-2000 diet was significantly ( p < 0.01) higher than that of the male mice fed NIH-07 diet, but this difference was less than 5% and may not be biologically significant. Groups fed either diet attained maximum body weight at the 80th or 81st week of the study. These results suggest that in inhalation studies, the growth pattern of male mice (Figure 3 ) was not markedly influenced by the diet.
The mean maximum body weight of female mice in inhalation studies fed NTP-2000 diet was significantly ( p < 0.01) higher than that of the mice fed NIH-07 diet ( Table 3 ); but the difference was only 8%. The maximum body weight of female mice fed NTP-2000 diet was higher than those of the mice fed the same diet in dosed-feed studies. Female groups fed either diet attained maximum body weight at the 80th or 82nd week of the study. These results suggest that in inhalation studies the growth pattern of female mice ( Figure 4 ) individually housed in wire mesh cages was not markedly influenced by the diet.
Survival:
The average survival of untreated control groups after 102 weeks of study (108 weeks of age) for both diets is given in Table 3 . Percent survival of female mice in the dosed-feed studies fed NTP-2000 diet was significantly ( p < 0.01) higher than that of mice fed NIH-07 diet. However, in the dosed-feed studies, the survival of male mice fed NTP-2000 diet was slightly higher but not significantly ( p > 0.05) higher than the groups fed NIH-07 diet. In inhalation studies, the percent survival of male and female mice fed NTP-2000 diet were significantly ( p < 0.04 to p < 0.01) higher than that of mice fed NIH-07 diet, and survival was much higher in the females (12.5%) than in the males (8.5%). Evaluation of survival patterns by the log-rank test indicated that the survival of male and female mice fed NTP-2000 diet were significantly ( p < 0.05) higher throughout the study, and the differences were higher in the dosed-feed studies than in inhalation studies. Survival of male and female mice fed either diet in inhalation studies was lower than in the dosed-feed studies by 4% to 15%, and the difference was more pronounced (>10%) for the males.
Tumor Incidences Dosed-Feed Studies: Tumors in different tissues with incidences of 3% or higher in the untreated control groups of dosed feed studies for both diets are listed in Table 4 . There was a marked and highly significant ( p < 0.001) decrease in the incidences of liver tumors and total tumors in both male and female groups fed the NTP-2000 diet. There was significant Interlaboratory variability in liver tumor incidences for the NTP-2000 diet studies. However liver tumor incidences in the NTP-2000 diet studies at any of the 3 laboratories was significantly lower ( p < 0.05) than the liver tumor incidence of all the NIH-07 diet studies. Compared to NIH-07 diet groups, there was a significant ( p = 0.01) decrease in the incidence of lung tumors in male mice fed NTP-2000 but not in female mice. Incidences of tumors at other sites were not significantly different between the same sex groups fed either diet.
Inhalation Studies: Tumors in different tissues with incidences of 3% or higher in the untreated control groups of inhalation studies for both diets are listed in Table 5 . There were significant ( p < 0.05 to p < 0.01) decreases in the incidences of liver tumors, thyroid follicular cell tumors, uterine polyps, and total tumors in female groups fed NTP-2000 diet compared to the NIH-07 diet groups. There were no 
248
RAO AND CROCKETT TOXICOLOGIC PATHOLOGY significant differences in the incidences of tumors at other sites between the female groups fed either diet. There was some decrease in the incidence of liver tumors in male groups fed NTP-2000 diet, but it was not significantly ( p > 0.05) lower than in the NIH-07 diet groups. DISCUSSION From 1982 to1992, in the NTP chronic studies there were gradual increases in maximum body weights and tumor incidences, especially liver tumors of B6C3F1 mice. These effects were more pronounced in females than in males (9, 12) . The reasons for increase in maximum body weights and liver tumor incidences are not known. However, diet and housing could be significant environmental factors influencing growth, body weights, survival, and tumor incidences. The NTP-2000 diet (22, 23) was formulated to provide adequate concentrations of essential nutrients for growth and maintenance of rats and mice (15) . The NTP-2000 diet decreased the severity of age-associated lesions and increased the survival of Fischer 344 rats in 2-year studies (29) . Results of untreated control groups from several previously performed NTP 2-year studies included in the present report show that mice fed NTP-2000 diet during dosed feed studies grew slower and had lower maximum body weights than those fed a higher protein NIH-07 diet. The slower growth was more evident in female mice than in male mice. However, slower growth was more evident after approximately 10 months on study or 12 months of age for males, and after 3 months on study or approximately 5 months of age for females. At these ages the males may be past their breeding age, and the females could have produced more than 2 litters in a breeding colony (6) . These results suggest that the nutrients in the NTP-2000 diet are adequate for growth of young mice. Furthermore, the untreated control groups of female mice fed NTP-2000 diet did not lose body weight after attaining the maximum body weight, indicating that the NTP-2000 diet is adequate for maintenance of adult mice. Even though growth was slower in females fed the NTP-2000 diet after approximately 5 months of age, food consumption was not lower than that of the NIH-07 diet-fed groups. These results suggest that the feed efficiency of NTP-2000 diet in the adult and aged mice may be lower than that of the NIH-07 diet and it may be related to higher fiber content of the NTP-2000 diet.
The growth patterns of both male and female groups of untreated control mice in inhalation studies, individually housed in wire mesh cages and fed NTP-2000 diet were similar to those of the groups fed NIH-07 diet. In addition NTP-2000 diet groups had slightly faster growth rates and slightly higher maximum body weights than NIH-07 diet groups. These results suggest that 1) both caging and diet are influencing growth, and 2) NTP-2000 diet slowed the growth with markedly lower maximum body weights of females and slightly lower maximum body weight of males in dosed-feed studies, but not in the inhalation studies when compared to corresponding groups fed NIH-07 diet.
The mean maximum body weights of male and female mice of untreated control groups fed NTP-2000 diet during dosed-feed studies were closer to the maximum body weights of the groups in dosed-feed studies started during 1973 to 1981 (26) . However, survival of untreated control groups of mice fed NTP-2000 diet was higher than the survival of mice of untreated control groups in dosed-feed studies started during 1973 to 1981 (26) .
The NTP-2000 diet significantly increased the survival of male mice housed in wire mesh cages and female mice housed in polycarbonate as well as wire mesh cages. With either diet, survival was generally higher for mice housed in polycarbonate cages on contact bedding compared to same sex and diet groups housed in wire mesh cages, even when growth and body weight patterns were similar. There appears to be an association between lower body weight and higher survival for both sexes in the dosed-feed studies. However, in inhalation studies, slightly faster growth and significantly higher body weights of groups fed NTP-2000 diet was associated with higher survival rather than lower survival when compared to the corresponding gender groups fed NIH-07 diet with lower body weights. These observations suggest that the NTP-2000 diet increased survival irrespective of body weight when compared to the NIH-07 diet-fed groups. Therefore, higher body weight may not be the major contributing factor for increased mortality of mice in 2-year studies. An interaction between the NTP-2000 diet and the type of housing appears to affect growth, body weights, and survival of mice. Mice fed the NTP-2000 diet and housed in polycarbonate cages had higher survival than those fed NIH-07 diet or housed in wire mesh cages.
Compared to the corresponding groups fed NIH-07 diet, there was a dramatic decrease in the incidences of liver tumors (the most common tumor) in male and female groups of untreated control mice fed NTP-2000 diet and housed in polycarbonate cages. The decrease was 37% and 58% in males and females, respectively. This decrease may be partly due to lower body weight of B6C3F1 mice as reported by others (12, 34) . However, the decrease in maximum body weight of the male mice was less than 5% and this small decrease in body weight alone cannot explain the marked (37%) decrease in liver tumor incidence. In inhalation studies, there was a marked (27%) decrease in the incidence of liver tumors in the untreated control groups of female mice fed NTP-2000 diet and housed individually in wire mesh cages compared to the corresponding groups fed NIH-07 diet. This dramatic decrease was observed even though the maximum body weight of the untreated control groups of female mice fed NTP-2000 was significantly higher than that of the groups fed NIH-07 diet. Furthermore, in inhalation studies the untreated control groups of male mice fed NTP-2000 diet and housed individually in wire mesh cages had significantly higher body weights than those of the corresponding groups fed NIH-07 diet, but the NTP-2000 diet groups had slightly lower but not higher incidence of liver tumors. These observations suggest that body weight may not be the major factor contributing to the liver tumor incidences in mice.
The mean maximum body weights of mice fed NTP-2000 diet in inhalation studies were significantly higher than in the dosed-feed studies. In the inhalation studies, the diet was given in pellet from in a common wire mesh feed trough except during the exposure phase for approximately 7 hours during the workday. In the dosed-feed studies, the diet was available approximately 24 hours/day in powder form in powder feeders placed on the floor of the cage. Because the feed trough with feed was removed for approximately 7 hours during the exposure period of the weekdays, lack of feed Vol. 31, No. 2, 2003 EFFECT OF DIET AND HOUSING ON SURVIVAL AND TUMORS OF MICE 249 for several hours during the exposure period in inhalation studies is expected to cause lower body weight than in the dosed-feed studies. However, the pellet form of NTP-2000 diet with individual housing in inhalation studies increased the body weight possibly by increasing either food consumption or feed efficiency compared to the mice in dosed-feed studies.
The NTP-2000 diet contains less protein, more fat, and more fiber than the NIH-07 diet. Lower protein content of NTP-2000 diet decreased the severity of nephropathy in rats, but the effect of lower protein content of diet on severity of kidney disease in mice was not evaluated. The fat content of NTP-2000 diet is higher and approximately 1.5× of the NIH-07 diet. Higher fat content increases caloric density of diet, which may increase caloric intake, body weight, and associated tumors (4). To compensate for the higher calories contributed by the fat, the crude fiber content of the NTP-2000 diet was increased to 2.7× of the NIH-07 diet so that the physiologic fuel values of the NTP-2000 and NIH-07 diets are essentially the same. Higher fat content of NTP-2000 diet did not increase the incidences of tumors in mice compared to the NIH-07 diet. Experimental diets with higher fiber, higher fat, and lower protein similar to NTP-2000 diet decreased the tumor burden of F344 rats up to 110 weeks of age when compared with NIH-07 diet (25) . The NTP-2000 diet decreased the incidence and multiplicity and delayed the development of mammary tumors in a transgenic mouse model bearing an oncogene expressed in mammary tissue (30) . Epidemiological studies indicate that higher fiber consumption may decrease the risk of breast cancer in women. Dietary fiber may protect against breast cancer by influencing estrogen metabolism (5, 31, 32) . Bioavailable estrogen levels may influence insulin sensitivity of cells and tumor growth (36, 37) . The NTP-2000 diet decreased the incidences of some common tumors such as liver tumors of untreated control groups of male and female mice and lung tumors of male mice housed in polycarbonate cages and liver tumors, thyroid follicular cell tumors, and uterine polyps in untreated control groups of female mice individually housed in wire mesh cages of the NTP studies. These decreases in tumor incidences may be due to higher fiber content of NTP-2000 diet. The higher fiber intake may have changed the circulating levels of some hormones and may have increased the insulin sensitivity of cells contributing to decreased incidence or growth of some of the spontaneous tumors of mice. The vitamin E content of NTP-2000 diet was approximately 2.3× of the NIH-07 diet because the higher fat content of the NTP-2000 diet may require higher vitamin E levels (15) . On fat content basis, the vitamin E content of NTP-2000 diet is only 1.5× of the NIH-07 diet. Contribution of slight increase in this natural antioxidant (vitamin E) levels on tumors of mice is not known but it may not be significant because the differences in vitamin E levels of these diets are close to normal variations observed in nonpurified rodent diets (28) .
Because NIH-07 diet was replaced by NTP-2000 diet in 1994, comparisons of growth and survival data from 1989 to 1998 may also reflect differences in the chronological time at which studies were done (see Table 2 ). As this report is a retrospective evaluation of NTP studies, the average time difference between NIH-07 diet and NTP-2000 diet studies was 5 years. Other factors such as genetic drift or genetic selection may influence the results. However, B6C3F1 is a hybrid of 2 well-established inbred strains: the C57BL/6N and the C3H/HeN (MTV − ). These inbred as well as the F1 hybrid are isogenic strains. If there is no genetic contamination, inbred strains can change only as a result of mutation (3) . Extensive genetic monitoring of the NTP C57BL/6N and C3H/HeN colonies did not show any contamination or major mutations (38) . The F1 hybrids such as B6C3F1 are at least as stable as the parental inbred strains and may be more stable if the accumulated mutations are recessive, as mutations would have to occur in the same gene of both parental strains for the hybrid to express this mutation (3). Furthermore, the average time between the NIH-07 diet and NTP-2000 diet studies is only 5 years and it may not be a long enough time interval for genetic drift, if any, in isogenic strains. Compared to inbred strains, outbred stocks such as ICR Swiss mice can change due to deliberate or natural selection, breeding methods, or size of the colony or genetic pool (3). However, most phenotypic characteristics of inbred, hybrid, or outbred mice will be influenced by environmental factors. Although time and diet are variables for growth, survival, and tumor incidence comparisons discussed in this report; in dosed-feed studies, the observed decreases in body weight, increases in survival, and decreases in liver tumor incidences of mice fed the NTP-2000 diet contrast with recent NTP experience of increasing body weights and increasing liver tumor incidences of mice fed the NIH-07 diet. Although change of diet did not substantially change the growth patterns and body weights in inhalation studies, the effect of NTP-2000 diet on survival in inhalation studies was similar to that of the dosed-feed studies. In addition, the mice in all the studies included in this report are free of known infections and infectious diseases including infections with Helicobacter spp., indicating that infectious diseases are not the environmental factors contributing to the differences between the 2 diets. These observations suggest that any underlying time-related trend, especially on survival and liver tumor incidences have been altered by the change in one of the most important environmental factors, the diet to NTP-2000 diet.
In summary, NTP-2000 diet increased the survival of male mice housed in wire mesh cages and female mice housed in polycarbonate or wire mesh cages compared to the NIH-07 diet groups under the same housing conditions. The NTP-2000 diet slowed the growth and lowered the body weights of male and female mice housed in polycarbonate cages during dosed-feed studies but not of the mice housed in wire mesh cages during inhalation studies. In general, survival of male and female mice fed either diet was lower when housed in wire mesh cages during inhalation studies compared to the corresponding groups housed in polycarbonate cages during dosed-feed studies. Body weight may not be the major contributing factor for mortality, because male and female mice fed the NTP-2000 diet and housed in wire mesh cages during inhalation studies had higher body weights and higher survival than the respective sex groups fed NIH-07 diet. The NTP-2000 diet decreased the incidences of liver tumors in male and female mice housed in polycarbonate cages and female mice individually housed in wire mesh cages compared to the respective sex groups fed NIH-07 diet. The decrease in liver tumor incidence was observed even with a significant increase in maximum body weight. The NTP-2000 diet, housing in polycarbonate cages with contact bedding and a combination of these husbandry procedures appear to be most conducive to well-being and survival of mice in chronic studies.
